








































.elasticcolumnat constantemperaturesubjectedto a constantendload
lessthantheEulerloadwillbuckleiftheloadismaintainedfora
sufficientlyongperiodoftime. Ifthetemperatureis increasedthe
timerequiredforbucklingdecreases(refs.1 to 3). Thistypeof response “’









































(2) Adashpot,consistingof aperforatedpistonmovingina cylinder
containinga viscousliquid,forviscousdefoliation.
Thespringelementisa modelof a linearlyelasticbodywhile,iftheliquid
inthecylinderobeysNewton’slawofviscosity,theaashpotisan example





























































































































JtG =Ge+Gc= (a/E)+ (ff/L)dt (2)o
whereYoung’smodulusE andtheviscositycoefficientX areboth
functionsoftemperature,whilethet~peratureis a functionoftime t.
Thesubstitutionf equation(2)intoequation(1)andmultiplication
by Z2 yield
JtZ2/p =(az/E)+ Z ( a/X.) dto
Therefore
z2d(l/p)/dt= (6Z/E) - (l&z/E2) + (az/k)




22 dA= @)j;z dA - (fi/E2)~UZ dA + (~/k)j’ UZ ti











EI d(l/p)/dt= i+ [(E/A). (~/E)]M (4)




C01U31KI and X is theaxialcoordinate(fig.1). Theinitialdisplace-
ment Wi ofthepin-jointed,unloadedbarisassumedto be
.—












wherethesubscripto refersto conditionsat t
isthecorrespondingEulerload.When t >0, the









































pE . pE(t)= fi2E(t)I/L2
@ =@(t) = [(E/~)- (~/E)l/(E-C) (13)
where
/
C =EOP pEo is a constant;therefore
1!- COF= C@Fi
Hence




F = (F.+ Fi)e 0 - Fi
,
*













Jt E= () X(E- C) dt -~E[dE,E(E- c,]
o
tJ E dt -(l/C)‘OX (E-C)
J
tE
= “ - (l/C)
o A(E- C)
E
[{[ 1(lE -C)]- (1/E)}W
E.

































1- (p/pE) - —




tendsto infinityin a finitetimewhenthetemperature(time)dependent



















c dt X(E- c)] + (dt/L)
‘o o
(c/blb2b3)~[~/(T + ~)(T+ p)]+
To











J’t~ dT/(T+ afl= lo~ [(T+ a)/(To+ m)]
o
therefore
J_r E dt =
[
(T.+ a)(T+ i3j













E= (10.5x 106) - (7.5





















Theapproximationf a linearelationto enexponentialcurveis
validonlyfora narrowrangeof thetemperatures.Basedontheexperi-
mentalcurvesof figure.jinreference2 sndtheuseof equations(2)
and(19),thefollowingrelationbetweenviscositycoefficientand
temperatureisassumed:
( )(A= 6x10~ - L5x1011T ) (20)
Itisassumedthatat zerotimethetemperatureofthecolumnis
75°F andthatitstemperatureisesto &OOOF within&l seconds.There-
forethetemperature-timeequationis







al= 10.5X 106 bl ‘ -7.5X 10?
%2= 6x 1013 b2 = -1.5 x 10U
a3 = 75 b3 =5.42
/
If P PEO= 0.8
/~ = EOPpEo= 9.9375x 10! x0.8=7.95x106
J’a=a z . -4W











= (T.+ 13)0“W0173(T+ CL)o“000163
. IT - WI o.000163























T = 7’5+ o.542t







modulusofthematerialto suchen extenthattheappliedloadbecomes —
theEulerloadofthecolumn.At themorerapidrateofheatingpresented
thecriticaltimecanbe consideredin goodapproximationasthelimttof -5—
practicalusefulnessofthecolumn.On theotherhandwiththeslowrate -
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Figure 2.- Midpointnondimnaionaladditionaldeflectionsverfnmtim.
Assumedrelatiom: E = (10.5- 0.0075T)106;h = (6- o.017T)1&3;
X . L/2.
m
s ,
* .
